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^ WAFER LEVEL PACKAGE FOR MICRO DEVICE AND MANUFACTURING 

METHOD THEREOF 



BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention relates to a wafer level 
package, and a manufacturing method thereof, and more 
particularly to a wafer level package and a manufacturing 
10 method thereof for forming a micro device, such as a film 
bulk acoustic resonator (hereinafter, referred to as an 
FBAR) , into a chip scale package. 



Description of the Related Art 

15 According to recent rapid development of communication 

techniques, technical development of high frequency devices 
has become highly desirable. In response to such a demand, 
there was developed an FBAR device, which is a thin film 
filter device manufactured by depositing a piezoelectric 

20 material on a semiconductor substrate. Currently, the FBAR 
device is in the spotlight as an essential passive element 
in an RF wireless mobile communication field. 

In general, micro devices such as FBAR devices are 
packaged to achieve a product such as a duplexer filter, and 
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mounted to the product. Therefore, in order to achieve 
miniaturization in mobile communication products, it is 
necessary to reduce the overall size of an obtained micro 
device package. 

5 Conventionally, the micro devices such as the FBAR 

devices are packaged by the use of a high temperature 
cofired ceramic (hereinafter, referred to as HTCC) 
substrate. Fig. 1 illustrates a conventional micro device 
package using such HTCC substrate. 

10 As shown in Fig. 1, the conventional micro device 

package, designated as reference numeral 10, comprises a 
micro device 15, and an HTCC substrate 11 in which the micro 
device 15 is mounted. For the reception of the micro device 
15, the HTCC substrate 11 is formed with a well 14. In a 

15 mounted state in the well 14, the micro device 15 is 
connected to bonding pads 12 placed on the HTCC substrate 11 
through wires 19. Further, a cap layer 18 is formed over 
the HTCC substrate 11 in order to hermetically seal the well 
14 in which the micro device 15 is mounted. 

20 The micro device package 10 shown in Fig. 1 is 

manufactured by cutting a micro device prepared in wafer 
units while securing a sufficient chip die area, and then 
mounting the cut micro device in a structure having a size 
larger than that of the micro device. Such a micro device 
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package 10 increases the size of a chip itself, and further 
the HTCC substrate 11 has a large size due to its stepped 
portion defined therein for the mounting of the micro 
device. Therefore, the conventional micro device package 
5 shown in Fig. 1 has a problem in that it is difficult to 
achieve miniaturization in the size of a final package. For 
example, in the case of an FBAR device package having a 
single FBAR device as shown in Fig. 1, since it has a size 
not less than 3 millimeters in length and width, it is very 

10 difficult to achieve a desired small size (for example, 5 
millimeters in length and width) of a duplexer package 
having two FBAR devices. 

In order to satisfy such a miniaturization demand, 
currently, there has been developed a wafer-level chip-scale 

15 package technique utilizing a certain process carried out at 
the wafer level where a micro device is formed. Such a 
wafer-level chip-scale package utilizes a cap structure, 
such as a cap wafer processed for the formation of a 
terminal. Fig. 2 is a side sectional view illustrating a 

20 conventional wafer level package using a cap wafer. 

Referring to Fig. 2, the wafer level package, 
designated as reference numeral 40, comprises a device wafer 
20 formed with a micro device 25 such as an FBAR device, and 
a cap wafer 30. The device wafer 20 includes electrical 
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bonding pads 21 for use in the driving of the micro device 
25 formed at the upper surface of the device wafer 20, and a 
peripheral pad 22 placed around the perimeter of the device 
wafer 20. The cap wafer 30 is formed with via holes H at 
5 some portions corresponding to the bonding pads 21 so as to 
allow the bonding pads 21 to be connected to certain 
external circuits (not shown) by bonding wires 39 
therebetween . 

In order to secure operational reliability of the 
10 micro device 25, between the cap wafer 30 and the device 
wafer 20 are provided first and second sealing members 23 
and 24. Each of the first sealing members 23 is formed to 
have a ring shape, so that it is placed along the periphery 
of the respective bonding pads 21 for use in wire bonding, 
15 in order to prevent the micro device 25 from being exposed 
to the outside through the via holes H. The second sealing 
member 24 is formed on the peripheral pad 22 along the 
perimeter of the wafer level package 40. 

Although the wafer level package 40 using a micro cap 
20 as shown in Fig. 2 is advantageous in miniaturization 
compared with a conventional wafer level package using an 
HTCC substrate, since the via holes H should be previously 
formed so as to correspond to the bonding pads 21, 
respectively, the processing of the cap wafer 30 is complex, 
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resulting in difficulty in the overall manufacturing process 
thereof. 

Further, as stated above, the wafer level package 40 
shown in Fig. 2 should have the first sealing members 23, in 
5 order to prevent the micro device 25 from being exposed to 
the outside through the via holes H formed at the cap wafer 
30 for connecting the bonding pads 21 provided on the device 
wafer 20 to certain external circuits. In this case, it is 
essential for the first sealing members 23 to be made of 

10 metal sealing members since they are formed on the metal 
bonding pads 21. 

For the above reasons, there has been a need for a 
rigid chip scale wafer level package and a manufacturing 
method thereof, which can improve an overall yield by 

15 simplifying a process related with a cap structure such as a 
cap wafer, and secure the complete air-tight of the wafer 
level package. 

SUMMARY OF THE INVENTION 

20 

Therefore, the present invention has been made in view 
of the above problems, and it is an object of the present 
invention to provide a wafer level package, which is 
configured in such a fashion that a package connection 
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structure, for use in the connection of external circuits, 
is provided at a device wafer, thereby achieving 
miniaturization in a size of a resulting chip. 

It is another object of the present invention to 
5 provide a method of manufacturing a wafer level package, 
which is performed in such a fashion that a package 
connection structure, for use in the connection of external 
circuits, is formed at a device wafer so as to enable the 
formation process of the package connection structure to be 
10 simultaneously performed in a semiconductor manufacturing 
process of the device wafer, without requiring a separate 
process related with a cap structure, thereby simplifying 
the overall manufacturing process of the wafer level 
package . 

15 In accordance with one aspect of the present 

invention, the above and other objects can be accomplished 
by the provision of a wafer level package comprising: a 
device wafer having a micro device, and bonding pads 
connected to the micro device, which are formed at one 

20 surface of the device wafer; via connectors extending from 
the bonding pads to the other surface of the device wafer; 
external bonding pads formed at the other surface of the 
device wafer and adapted to be connected to the bonding pads 
through the via connectors, respectively; and a cap 
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structure bonded to one surface of the device wafer so as to 
allow the micro device to be insulated and hermetically 
sealed. 

Preferably, the cap structure may have a cavity at a 
5 portion corresponding to the micro device, and be made of a 
silicon wafer, glass wafer, or photosensitive dry film. 

Preferably, the wafer level package may further 
comprise a sealing member for bonding the cap structure to 
the device wafer, thereby allowing the micro device to be 
10 hermetically sealed. 

Preferably, the device wafer may further have a 
peripheral metal pad formed around a perimeter of one 
surface thereof to be bonded to the cap structure, and the 
sealing member may be a metal material formed on the 
15 peripheral metal pad. Alternatively, the sealing member is 
a glass frit or a resin based adhesive. 

In the case of another embodiment using a cap 
structure made of a dry film, the cap structure may have a 
dry film structure formed on the device wafer, the dry film 
20 structure having a well for receiving the micro device, and 
a passivation layer applied to an outer surface of the dry 
film structure. 

Preferably, the passivation layer may be a material 
selected from among the group consisting of an epoxy resin, 
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thermosetting resin, metal and photosensitive resin. 

In accordance with another aspect of the present 
invention, there is provided a method for manufacturing a 
wafer level package, comprising the steps of: a) preparing a 
device wafer in which a micro device, and bonding pads 
connected to the micro device are formed at one surface 
thereof; b) forming via connectors extending from the 
bonding pads to the other surface of the device wafer; c) 
bonding a cap structure to one surface of the device wafer 
so as to allow the micro device to be insulated and 
hermetically sealed; and d) forming external bonding pads at 
the other surface of the device wafer, the external bonding 
pads being connected to the bonding pads through the via 
connectors, respectively. 

Preferably, the step b) includes: b-1) forming via 
holes having a predetermined depth in the bonding pads and 
hence the device wafer; b-2) applying a conductive material 
to the via holes so as to form the via connectors; and b-3) 
grinding the device wafer so as to allow the via connectors 
to be exposed to the outside from the other surface of the 
device wafer. 

Preferably, the step b-3) may be selectively performed 
before or after the step c) . 

Preferably, the cap structure may be prepared by a 
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process comprising the steps of: f) forming a dry film 
structure having a well for receiving the micro device and 
bonding pads, and g) applying a passivation layer to an 
outer surface of the dry film structure. 
5 Here, the step f) may include: f-1) forming a side 

wall structure on one surface of the device wafer by the use 
of a dry film, the side wall structure having a height not 
less than that of the micro device so as to encompass a 
region where the micro device and bonding pads are formed; 

10 and f-2) forming a roof structure by the use of a dry film, 
the roof structure covering over the side wall structure. 

According to the basic feature of the present 
invention, a package connection structure is formed at a 
device wafer of a wafer level package, differently from a 

15 conventional wafer level package. That is, as via 

connectors are formed at the device wafer, and further 
external bonding pads are formed at one surface of the 
device wafer so as to be connected to the via connectors, a 
package connection structure is provided at the device 

20 wafer. 

Differently from a conventional micro-cap wafer level 
package wherein via holes are formed at a cap structure and 
adapted to expose bonding pads placed on a device wafer to 
the outside, a package connection structure in accordance 
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with the present invention has no via holes at its cap 
structure, and eliminates the use of any ring-shaped sealing 
members, which are conventionally formed on the bonding 
pads. For this reason, since no sealing members are formed 
5 on metal bonding pads connected to a micro device, it is 
possible to completely eliminate any inferiority, such as a 
leakage, due to the conventional ring-shaped sealing 
members, and to bond the device wafer to the cap structure 
by using an adhesive, or by selectively adopting various 

10 methods including an anodic bonding technique, in addition 
to a metal sealing method. 

In further view of a process, since a package 
connection structure of the present invention can be 
continuously formed during a semiconductor manufacturing 

15 process, which is usually applied for the formation of a 
device wafer, without requiring a separate process related 
with a cap structure, it is possible to manufacture an 
accurate wafer level package in a simplified manner. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and other 
advantages of the present invention will be more clearly 
understood from the following detailed description taken in 
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conjunction with the accompanying drawings, in which: 

Fig. 1 is a side sectional view illustrating a micro 
device package using a conventional HTCC substrate; 

Fig. 2 is a side sectional view illustrating a 
5 conventional wafer level package; 

Figs. 3a and 3b are a side sectional view and a bottom 
view, respectively, illustrating a wafer level package in 
accordance with an embodiment of the present invention; 

Figs. 4a to 4e are side sectional views illustrating 
10 the sequential steps of manufacturing the wafer level 
package in accordance with the embodiment of the present 
invention; 

Fig. 5 is a side sectional view illustrating a wafer 
level package in accordance with another embodiment of the 
15 present invention; and 

Figs. 6a to 6d are side sectional views illustrating 
the sequential steps of manufacturing the wafer level 
package in accordance with yet another embodiment of the 
present invention . 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Fig. 3a, therein is shown a side section 
of a wafer level package, designated as reference numeral 
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70, comprising a device wafer 50, and a cap structure 60. 
The device wafer 50 is formed with an associated micro 
device 55, such as an FB'AR device. The cap structure 
employed in the present embodiment is a cap wafer 60, which 
is made of the same silicon material as the device wafer 50. 
In addition to such a silicon wafer, the cap wafer 60 can be 
made of a glass wafer or photosensitive dry film. As shown 
in Fig. 3a, the cap wafer 60 has a cavity 64 at a region 
corresponding to the micro device 55. 

The device wafer 50 further has bonding pads 51 for 
use in the driving of the micro device 55 formed at the 
upper surface of the device wafer 50, and a peripheral metal 
pad 52 formed around the perimeter of the upper surface. 
The micro device 55 can be an active device, such as an 
integrated circuit, or a passive device, such as a sensor. 
In the case of the present embodiment illustrating a 
resonance device, such as an FBAR device, the device wafer 
50 can have an air gap 54 formed at a region where the micro 
device 55 is located. 

The device wafer 50 has via connectors 57 extending 
from the respective bonding pads 51 to the lower surface 
thereof. The via connectors 57 can include conductive layer 
portions 57a at one side thereof, respectively, which are 
formed on the bonding pads 51 during applying conductive 
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materials to the via holes. The via connectors 57 are 
connected at the other side thereof to external bonding pads 
58 formed at the lower surface of the device wafer 50, 
respectively. Therefore, the external bonding pads 58 can 
be connected to the bonding pads 51 through the via 
connectors 57, respectively. 

As the external bonding pads 58 are connected to 
certain external circuits (not shown) through wires 59 as 
shown in Fig. 3b, signals from the external circuits can be 
transmitted to the micro device 55. 

As stated above, differently from the conventional 
wafer level package shown in Fig. 2, the wafer level package 
70 in accordance with the present embodiment is formed at 
its device wafer 50 with the via connectors 57 and external 
bonding pads 58 to be connected to certain external 
circuits. This means that a package connection structure 
can be continuously formed with the manufacturing process of 
the device wafer 50 without requiring a separate process 
related with a cap structure 60. Further, the present 
invention provides an advantage in that there is no need for 
ring shaped sealing members, which are conventionally formed 
in order to prevent a micro device from being exposed to the 
outside due to via holes conventionally formed at a cap 
structure as shown in Fig. 2. 
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Referring again to Fig. 3a, the wafer level package 70 
is formed with a metal sealing member 53 on the peripheral 
metal pad 52 placed around the perimeter of the upper 
surface of the device package 50- As the metal sealing 
5 member 53 is bonded to the cap wafer 60 at a high 
temperature, the micro device 55 mounted at the upper 
surface of the device wafer 50 can be insulated and 
hermetically sealed. 

According to the present invention, the micro device 

10 55 and bonding pads 51 located inside the wafer level 
package 70 can be maintained in an air-tight state by using 
various methods. Conventionally, a cap wafer is formed with 
via holes, and consequently ring-shaped sealing members 
should be formed on bonding pads for achieving sealing means 

15 for the via holes. Since such sealing members should be 
formed on the metal bonding pads, there is no choice but to 
fabricate the sealing members out of a metal material. 

According to the package connection structure of the 
present invention, however, since the bonding pads 51 are 

20 not exposed to the outside through via holes formed at the 
cap wafer 60, it is unnecessary to form any sealing members 
on the bonding pads 51. Therefore, the use of metal sealing 
members is not an essential factor anymore. Further, since 
the sealing member 53 can be directly formed at the surface 
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of the device wafer 50, the bonding thereof can be performed 
by selectively using a glass frit or resin based adhesive, 
or various other sealing means including an anodic bonding 
technique and the like. 
5 Furthermore, since the overall package connection 

structure is formed at the device wafer 50, the cap 
structure can be made of various materials, in addition to a 
silicon wafer. Other embodiments employing the use of 
different materials will be explained with reference to 
10 Figs. 5 and 6a to 6d. 

Figs. 4a to 4e are side sectional views illustrating 
the sequential steps of manufacturing the wafer level 
package in accordance with the embodiment of the present 
invention . 

15 As shown in Fig. 4a, the manufacturing method of the 

present invention begins from a step of preparing a device 
wafer 80, which is formed at the upper surface thereof with 
a micro device 85, and bonding pads 81 connected to the 
micro device 85. The device wafer 80 has a peripheral metal 

20 pad 8 2 placed around the perimeter of the upper surface 
thereof. The peripheral metal pad 82 can be formed at the 
same time with the formation of the bonding pads 81. In the 
present embodiment, the micro device 85 is an FBAR device, 
and hence the device wafer 80 can be formed with an air gap 
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84. Further, the micro device 85 is electrically connected 
to the bonding pads 81 by conductive leads (not shown) . 

Then, a step of forming via connectors, which extend 
from the bonding pads 81 toward the lower surface of the 
5 device wafer by a predetermined depth, is performed. Figs. 
4b to 4d illustrate a preferred example of the via connector 
forming step . 

As shown in Fig. 4b, the bonding pads 81 and hence the 
device wafer 80 are formed with via holes H, which extend by 

10 a predetermined depth. Although the via holes H may be 
formed so as to completely penetrate the device wafer 80, 
preferably, the predetermined depth of the via holes H can 
be selected so as to be equal to or greater than the 
thickness of the device wafer portion, which will remain 

15 after a subsequent grinding process. Such a subsequent 
grinding process is performed at the lower surface of the 
device wafer 80 for achieving miniaturization in a resulting 
final package. 

After completion of the via holes H, as shown in Fig. 
20 4c, a conductive material is applied to the via holes H, 
thereby forming via connectors 87. The via connectors 87 
can have conductive layer portions 87a placed on the bonding 
pads 81, respectively. During the formation of the via 
connectors 87, a sealing member 83 is formed on the 
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peripheral metal pad 82 by the use of the same metal 
material as the via connectors 87. 

Subsequently, as shown in Fig. 4d, the device wafer 80 
is bonded to a cap wafer 90 by means of the metal sealing 
member 83. As a result, the micro device 85 can be 
insulated and hermetically sealed. The cap wafer 90 can be 
made of the same silicon material as the device wafer 80, 
and formed with a cavity 94 at a position corresponding to 
the micro device 85 so as to define a well capable of 
receiving the micro device 85. 

In the present embodiment, a grinding process can be 
performed after the device wafer 80 is bonded to the cap 
wafer 90 as illustrated and explained in Figs. 4c and 4d. 
Alternately, the grinding process can be performed before 
the device wafer 80 is bonded to the cap wafer 90. 

After the device wafer 80 is bonded to the cap wafer 
90, it is ground to a portion marked with a dotted line 
shown in Fig. 4d, thereby causing the via connectors 87 to 
be exposed to the outside from the grounded lower surface of 
the device wafer 80. Finally, as shown in Fig. 4e, the 
device wafer 80 is formed at the lower surface thereof with 
external bonding pads 89, which are connected to the bonding 
pads 81 through the via connectors 87, respectively. In 
this way, a package connection structure can be formed at 
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the device wafer 80. 

As can be seen from the above description, the present 
invention can eliminate the use of metal sealing members, 
and directly form a sealing member on the surface of the 
device wafer. The sealing member can be selected from among 
a glass frit or resin based adhesive, or other various 
sealing means including an anodic bonding technique and the 
like. The reason why such free selection of various sealing 
methods is acceptable is that, since the via connectors are 
formed at the device wafer, the bonding pads are not exposed 
through via holes conventionally formed at a cap wafer, 
thereby eliminating any need for forming sealing members on 

the bonding pads . 

Fig. 5 is a side sectional view illustrating a wafer 
level package, designated as reference numeral 130, in 
accordance with another embodiment of the present invention. 
The present embodiment is similar to the above embodiment 
shown in Fig. 3a in that a package connection structure is 
formed at a device wafer, but is different from the 
embodiment in relation to the structure of their cap wafers 
and bonding manners between the device wafer and cap wafer. 

Referring to Fig. 5, the device wafer, designated as 
reference numeral 110, comprises bonding pads 111 for use in 
the driving of a micro device 115 formed at the upper 
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surface thereof. The micro device 115 is an FBAR device, 
and hence the device wafer 110 can have an air gap 114 for 
the micro device 115. 

Similar to the package connection structure shown in 
5 Fig. 3a, a package connection structure formed at the device 
wafer 110 comprises via connectors 117 extending from the 
bonding pads 111 to the lower surface of the device wafer 
110, and the via connectors 117 are connected to external 
bonding pads 118 formed at the lower surface of the device 
10 wafer 110. In this way, the bonding pads 111 can be 
connected to certain external circuits through the via 
connectors 117 and external bonding pads 118, thereby 
completing a package connection structure. 

A cap wafer 120 employed in the present embodiment is 
15 provided with a well 124 at a portion corresponding to the 
bonding pads 111 as well as the micro device 115 of the 
device wafer 110 so as to receive them. The cap wafer 120 
is bonded to the upper surface of the device wafer 110 by 
the use of sealing members 113, which are made of a resin 
20 based adhesive, such as an epoxy resin. As stated above, 
since the present embodiment is designed so as to allow the 
cap wafer 120 to be directly bonded to the device wafer 110 
through their silicon wafer surfaces without requiring a 
separate peripheral metal pad formed on the device wafer as 



19 



shown in Fig. 3a, it allows the use of a conventional 
adhesive rather than a metal sealing member. Here, the 
acceptable sealing members 113 are not limited to the resin 
based adhesive, but can be achieved by using a glass frit or 
5 anodic bonding technique. 

Figs. 6a to 6d are side sectional views illustrating 
the sequential steps of manufacturing a wafer level package 
in accordance with yet another embodiment of the present 
invention. The present embodiment is similar to the above 
10 embodiments shown in Figs. 3a and 5 in that a package 
connection structure is formed at a device wafer, but is 
different from them in that a cap structure thereof is made 
of a photosensitive dry film rather than a silicon wafer. 

As shown in Fig. 6a, first, a device wafer 150 having 
15 a package connection structure according to the present 
invention is prepared by using a process similar to that 
shown in Figs. 4a to 4c. In the case of the present 
embodiment, however, via holes for use in the formation of 
via connectors are formed so as to completely penetrate a 
20 device wafer, or a grinding process is previously performed 
before the formation of the via holes, differently from that 
shown in Fig. 4b. That is, in a step shown in Fig. 6a, a 
micro device wafer 150 is primarily formed with a micro, 
device 155, bonding pads 151 and an air gap 154, and 
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secondarily formed with via connectors 157 extending from 
the bonding pads 151 to the lower surface of the device 
wafer 150, and external bonding pads 158 placed at the lower 
surface of the device wafer 150 so as to be connected to the 
5 via connectors 157. 

Subsequently, as shown in Fig. 6b, a side wall 
structure 162 is formed at the upper surface of the device 
wafer 150 by the use of a dry film, so as to encompass a 
region where the micro device 155 and bonding pads 151 are 
10 formed. The side wall structure 162 has a height not less 
than that of the micro device 155. The formation of the 
side structure 162 can be implemented by laminating a 
photosensitive dry film at the upper surface of the device 
wafer 150, and selectively removing the region where the 
15 micro device 155 and bonding pads 151 are formed, thereby 
allowing some portions of the dry film corresponding to the 
side structure 162 to remain. 

After that, as shown in Fig. 6c, a roof structure 164 
is formed so as to cover over the side wall structure 162 by 
20 the use of a dry film. As a result, a cap structure 160 is 
obtained for hermetically sealing and protecting the region 
where the micro device 155 and bonding pads 151 are formed. 
In other words, the formation of the cap structure 160 can 
be implemented by laminating a dry film constituting the 



21 



loop structure 164 at the upper end of the side wall 
structure 162 so as to cause the region encompassed by the 
side wall structure 162 to be hermetically sealed. 

As shown in Fig. 6d illustrating the last step of the 
method of manufacturing the wafer level package, a 
passivation layer 165 is applied to the outer surface of the 
cap structure 160. The passivation layer 165 is a 
protective layer for the cap structure 160, and can be made 
of a material selected from among the ground consisting of 
an epoxy resin, thermosetting resin, metal and 
photosensitive resin. 

As apparent from the above description, the present 
invention provides a wafer level package, which is 
configured in such a fashion that a package connection 
structure, for use in the connection of external circuits, 
is formed at a device wafer rather than a cap structure, 
thereby allowing the package connection structure to be 
continuously formed during a semiconductor manufacturing 
process for the formation of a device, without requiring a 
separate process related with the cap wafer. Further, 
according to the present invention, sealing members do not 
need to be formed on bonding pads for the bonding between 
the device wafer and cap wafer, differently from a 
conventional method, and the device wafer and cap wafer can 
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be bonded by adopting various cap structures and sealing 
techniques, other than a metal sealing technique. 

Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, 
those skilled in the art will appreciate that various 
modifications, additions and substitutions are possible, 
without departing from the scope and spirit of the invention 
as disclosed in the accompanying claims. 
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